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Summary
Mice given food containing fenbendazole to prevent a reinfection with Syphacia muris were treated with inducers of the hepatic microsomal monooxygenase system. Specific induction values and factors were the same as found previously in similar mice infected with Syphacia muris. There was a decrease in the total hepatic monooxygenase system by 20-40%, associated with a similar decrease in the total microsomal protein.
As this was found in both experimental and control mice, the induction factors of the total values remained also unaltered. Thus infection by Syphacia murls not only retarded the growth of young mice but also accelerated the development of their hepatic monooxygenase system.
For the last 8 years we have been investigating induction of the microsomal monooxygenase (MO) system in the liver of female mice by inhalation of cyclohexane and d,l-camphor or by ip administration of phenobarbital and 3-methylcholanthrene (Mohn & Philipp, 1974; Mohn, 1975; Mohn, Niederlaender & Kessler, 1977; . Besides the MO components cytochromes P-450 and b s and the NADPH-P-450 reductase we determined the activity of ethylumbelliferone dealkylase which is a representative MO activity being due to several different P-450 species (Guengerich, 1978) .
In 1977 Syphacia muris were detected in the caecum of our C57 and HOM mice. In adult mice we found only a few and of low vitality, but half-grown mice (15-17 g) were often strongly infected (10-20 worms per mouse) and gained weight only slowly. The helminths had been overlooked for at least 3 years because only adult mice were taken for experiments and so subjected to close examination.
During the next 6 months all mice were treated-per os with I g thibenzole/day/kg bodyweight for 3-5 days every 3 weeks. Cages and drinking bottles were sterilized every week and the rooms were decorated. From July 1978 all mice received standard diet supplemented with 50 ppm fenbendazole to prevent reinfection. It is known that fenbendazole is even less toxic than thibenzole, that it is slowly absorbed from Received 8 January /980. Accepted 3 October 1980. the gut and rapidly eliminated from the blood and that it has no teratogenic effect (Baeder et al., 1974; Duwel, I 977a, b; Strasser & Tiefenbach, 1976 Maryland, USA, were used for the experiments with high fenbendazole doses, and female mice of our own strain WHW /HOM (HOM) for those with fenbendazole-supplemented food. The HOM strain came originally from the strain NIMRI of the Gesellschaft fur Versuchstierzucht, Hannover-Linden, FRG, and has been inbred in our laboratories for more than 10 years.
Selection of mice for study. Males and females were separated at 15-17 g bodyweight. Thereafter (with wormfree HOM mice, 5-7 weeks later) they were classified in sets of 22-24 and 25-27 g and taken for experiments as soon as they reached the bodyweights shown in Table 1 . Control and experimental groups were of equal bodyweights. Each group consisted of at least 4 mice, the livers of which were pooled. Induction (Table I) For inhaling cyclohexane (CH) or camphor (CA) 4 mice were placed together in an inner round cage of rigid clear plastic with a wire bottom and cover. This . inner cage was set into an outer airtight induction cage (40 I) which was closed as soon as the volatile inducer was introduced:
1 ml CH or a paper handkerchief impregnated with 1· 2 g CA. For further details see Mohn & Philipp (1974) and .
All mice were killed at 0800, those pretreated with high fenbendazole (F) doses, phenobarbital (PB) or 3-methylcholanthrene (Me) 24 h after the last dose, Treatment withfenbendazole (Table 2) 10 g 'Panacur' containing 4% fenbendazole (F) was suspended in 20 ml water. Each C57 mouse received 0·2 ml/day by oral stomach tube 2 mouse groups (8) given fenbendazole-supplemented food long-term, together with 2 other groups (V) receiving normal food during the last 3-6 weeks before death are also shown in Table 2 . Correlating experiments S and V as well as those with PB and PB + F or MC and MC + F were done on the same day. All experiments shown in Table  2 were completed within 16 days.
Analytical methods
The liver microsomes were isolated (Mohn & Philipp, 1974) . The microsomal protein (Gornal, Bardawill & David, 1949) , the cytochromes P-450 and b, (Omura & Sato, 1963 , 1964 , the activity of the NADPH-P-450 reductase and that of the ethylumbelliferone dealkylase (Ullrich & Weber, 1972) were estimated.
Results
Teratogenity and influence offenbendazole on the fine structure of the liver 300 C57 and 1300 HOM mice were born and bred between I August 1978 and 1 August 1979 in our laboratories.
No abnormality or malformation was seen at birth or at weaning. Size and frequency of the litters were normal. Histological sections of all liver lobes from adult female HOM mice receiving the fenbendazole diet were stained with haematoxalin (Bohmer) and eosin or with van Geison's stain. There were freed of helminths. The nmoles P·450 and b~per mg protein, as well as the specific activity of ethylumbelliferone dealkylase, are identical in both main groups in Fig. 2 . In contrast the total values were 20-40% lower in 1978-79 than in 1975-77 ( Fig. 3) . This was because of a corresponding loss of microsomal protein per liver ( Fig. 4) based on a similar decrease in microsomal protein/g liver and not on a loss of liver weight. We have examined our method of isolating micro somes, but more thorough homogenization did not alter the yield.
Because of the 13-18% higher initial bodyweights in 1978-79 compared to 1975-77, the possibility arose was no important difference between controls and mice receiving fenbendazole diet till death. 
Effect of high fenbendazole doses on the hepatic monooxygenase system
These experiments were done with C57 mice because they are sensitive both to inducers like MC and to others like PB. The total values of cytochrome P-450, NADPH-P-450 reductase and ethylumbelliferone dealkylase were virtually unchanged by daily oral doses of 100 mg fenbendazole/kg bodyweight for 3-15 days (Fig. I) . Total microsomal protein and cytochrome b s were also in the same range as before. It appears that fenbendazole neither affects the natural P-450 system nor does it modify the inducing effects of PB and MC. Small differences are within the range of the standard deviations (Fig. 3) .
The controls received normal food for at least 3 weeks, which was deemed sufficiently long because the bulk of the anthelmintic given orally is eliminated in the faeces. The half-life in the blood of the rat is only 6 h (Diiwel, 1977a, b) and probably even less in the mouse, so that there can be no substantial residue of the drug 3 weeks after administration ceased. There The decrease in microsomal protein and total values of the hepatic MO system caused a change in the behaviour of PH treated mice in vivo. Formerly such animals were only giddy for 1-2 h after 100 mg PH/kg ip and then behaved normally . Now most of them sleep for several hours after the same dose, although there is no loss of righting reflex. There was also a drop in the limit of toxicity of CH. Today we find partly fatty livers in mice of only 25 g bodyweight after 3 days CH inhalation, which was not the case in 1975-77.
Inductionfactors before and after use offenbendazole diet
In 1978-79 the specific MO values of experimental and control mice had not altered compared to those of 1975-77 (Fig. 2) . Accordingly, the induction factors (by which induced values exceed controls) were also identical. In contrast, the total MO values were * * MC ** v PB ** ** K CH that the animals could have been too old to give optimal total values. This was excluded by comparing the lightest groups CH, CA and K to the heaviest ones in both sets in Fig. 5 . the total values of P-450, dealkylase activity and microsomal protein did not fall, but increased with increasing bodyweight. Despite the low numbers of mice this result is conclusive because the trend is evident in all 3 parameters in Fig.   Fig. 4 . Comparison of the total microsomal protein in the livers of mice given various enzyme Inducers, both before and aRer chronic application of food with 50 ppm fenbendazole. Means and +sd. m
Values of 1975-77. 0 Values of 1978-79 (fenbendazole diet). For nomenclature and treatments see Table I . For number of groups see Fig. 2 . 'Significant difference (P < 0·05). "Highly significant difTerence (P < 0·001). (Table 3 ). Small differences occurred in both total and specific values from one period to the other. Thus the former infection of our mice by S. muris did not distort the induction results of 1975-77, possibly because in the adult mice a certain immunity had developed.
Discussion
Fenbendazole exerted neither a positive nor a negative effect on the hepatic microsomal P-450 system in adult mice, even at a daily dose of 100 mg/kg bodyweight for 15 days (Fig. 1) . This could suggest that long-term application of food containing 50 ppm of the anthelmintic would also be unlikely to exert such effects, as the daily dose is only 10 mg/kg. This low dose is sufficient to keep the mice free of S. muris. There was 20-40% less microsomal protein per liver (Fig. 4) , that is less endoplasmatic reticulum (ER), in the adult mice, but no visible liver damage.
Thus it appears that the former infection with S. muris had slightly irritated the liver of infant mice, with liver cells responding by an augmentation of the ER. At least a part of the hepatic MO system develops by slight exogenous stimuli in neonates (MacLeod, Renton & Eade, 1972; Nebert, Levitt, Orlando & Felton, 1977) . The increase in MO did not disappear in adult mice because there was no selective induction but only an accelerated development of the ER, which can be assumed where a drug induces the P-450 system in neonates (where it is immature) but not in adults (Funcke & Timmermann, 1973; Muller & Klinger, 1976; Fabacher & Hodgson, 1976; Andersen, Jones & Jenkins, 1978) . Only a few worms of low vitality occurred in the caecum of adults in 1975-77. This must be due to a kind of ,immunization' not seen in mice treated with anthelmintics during their development. The mechanism of this process is not known, but could prove very interesting.
By 1978-79 the extra stimulus to the liver had ceased and, related to liver and bodyweight, less ER and less P-450 system were formed. This could be advantageous because the formation of carcinogens from exogenous aromatic hydrocarbons and the oxidation of some drugs to toxic byproducts may be decreased thereby (Gillette, Mitchell & Brodie, 1974) . Moreover the effectiveness of other drugs may be increased because their inactivation is retarded: for example a sedative effect of phenobarbital appeared in HOM mice whereas previously after 100 mg/kg only the first state of excitation was seen. However, the toxicity of a lipophilic foreign substance may also be increased if it cannot be detoxified without hydroxylation by MO. Thus the toxicity of cyclohexane was enhanced in our mice freed from S. muris.
In all mouse groups the specific MO values ( fig. 2 ) and their induction factors were the same in 1978-79 as in 1975-77. In spite of the 20-40% lower absolute values (Fig. 3) , the induction factors of the total MO were also identical (Table 3 ) because there were similar relative decreases in control and e'xperimental groups. Thus induction factors may be more informative than absolute values about the uniformity of an inducer effect under different conditions (mice during infection and after treatment). Likewise Baird, Nicolosi, Massie & Samis (1975) found the induction factor of PB in the total microsomal zoxazoleamine metabolism in the liver of male rats to be independent of age at 30-900 days, although absolute values at 900 days were 35% lower than at 30 days.
In our experim~nts the mice were by no means senescent (Fig. 5 ) and the absolute total values of microsomal protein, P-450 and ethylumbelliferone dealkylase increased with weight and age. Whereas at 3-6 months of age infected mice weighed only 22-27 g, wormfree ones reached 28-32 g. Thus the heavier mice taken for the experiments in 1978-79 were not older than those in 1975-77 (Table 1) 
